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SCRATCH RESISTANCE TESTING APPARATUS 
AND METHOD 



The present invention relates to a testing apparatus for 
evaluating the scratch resistance of a sample and to a method 
of evaluating the scratch resistance of a sample. 

For a variety of different engineering applications it is 
necessary or desirable to quantify the resistance of a surface 
of an article to damage by scratching. A number of known 
methods and associated instruments exist for evaluating- the 
scratch resistance of surfaces, including the surfaces of both 
metallic and non-metallic materials which may be uncoated or 
coated by soft or hard coatings. All such known methods and 
instruments involve the drawing of a scratching tool or 
indenter across the surface of the material to be tested under 
conditions of uniform or increasing load. The tool or 
indenter has a sharp pointed tip which engages the sample 
surface. The tool or indenter is maintained at a constant 
angle of incidence to the surface. 

These known methods and instruments suffer from some technical 
disadvantages. The severity of the scratch resistance test 
depends on the condition of the pointed tip of the tool or 
indenter. If the pointed tip is worn, then the scratch 
resistance test is less severe. Accordingly, the known 
scratch resistance methods can exhibit poor repeatability. 
Second, the useful lifetime of the tool or indenter can be 
relatively low as a result of rapid wear of the pointed tip. 

The present invention aims at least partially to overcome 
these problems by providing a scratch resistance testing 
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apparatus and method which enables a higher testing 
repeatability and increased lifetime of the tool or indenter 
to be achieved. 

The present invention accordingly provides a testing apparatus 
for evaluating the scratch resistance of a sample, the 
apparatus comprising a support for the sample to be tested, a 
holder for a scratching tool/ a drive device for causing 
relative translational movement between the support and the 
holder and an inclination varying device for progressively 
varying an angle of incidence between the scratching tool and 
a sample surface during relative translational movement 
between the scratching tool and the sample surface. 

The present invention further provides a method for evaluating 
the scratch resistance of a sample, the method comprising 
supporting a sample to be tested on a support, disposing a 
scratching tool having a pointed end in a holder whereby the 
pointed end engages a surface of the sample to be tested, 
causing relative translational movement between the support 
and the holder whereby the pointed end is translated relative 
to the sample surface, and progressively varying an angle of 
incidence between the scratching tool and the sample surface 
during relative translational movement between the scratching 
tool and the sample surface . 

The present invention is predicated on the discovery by the 
present inventor that by varying the angle of incidence of the 
scratching tool or indenter relative to the surface of a 
sample to be tested, the testing method can more accurately 
simulate potential scratching conditions which a sample 
surface is likely to experience in use wherein the magnitude 
and severity of a scratch are not only dependent on the force 
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of application and the shape of the scratching device, but 
also on the angle of incidence of the scratching device 
relative to the surface. By varying the angle of incidence of 
the scratching tool or indenter relative to the surface to be 
tested, this enhances not only the repeatability of the 
scratching test, but also tends to increase the life of the 
scratching tool or indenter. It is believed that by varying 
the angle of incidence of the scratching tool or indenter 
relative to the surface to be tested, localised changes in the 
angle of incidence are masked, thereby increasing the 
repeatability of the test, and correspondingly the lifetime of 
the tool for achieving the required repeatability. The load 
between the scratching tool or indenter and the sample surface 
can be maintained constant or varied, preferably so as to 
increase the load with corresponding variation of the angle of 
incidence between the scratching tool or indenter and the 
surface to be tested. 

An embodiment of the present invention will now be described, 
by way of example only, with reference to the accompanying 
drawings in which: - 

Figure 1 is a schematic perspective view of a testing 
apparatus for evaluating the scratch resistance of a sample in 
accordance with an embodiment of the present invention. 

Referring to Figure 1, there is shown an apparatus, designated 
generally as 2, for evaluating the scratch resistance of a 
sample in accordance with an embodiment of the invention. The 
apparatus 2 includes a platen 4, which in the illustrated 
embodiment is rectangular in plan, having an upper surface 6 
on which, in use, a sample 8 to be tested is horizontally 
supported. The sample 8 is firmly affixed to the platen 4 by 
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a fixing device (not shown) . When so supported, the sample 8 
presents an upper surface 10 to be tested for scratch 
resistance. The platen 4 is supported at its opposed ends 
12,14 by respective flexures 16,18. Each flexure 16,18 
extends across the transverse width of the respective end 
12,14 of the platen 4. Each flexure 16,18 is substantially C- 
shaped in cross section and includes upper and lower 
horizontal wall members 20,22 connected by a vertical • wall 
member 24. The platen 4 is affixed to the upper horizontal 
wall members 20 and the lower horizontal wall members 22 are 
affixed to a linear slide body 26. A pair of elongate upper 
and lower notches 21,23 are provided in the inner surface 25 
of the flexures 16,18 at the junctions between the respective 
upper and lower wall members 20,22 and the vertical wall 
member 24 . 

The linear side body 26 is substantially rectangular in plan 
and at one end 2 8 thereof is engaged by one end 30 of an 
elongate threaded lead screw 32. The lead screw 32 is 
horizontally oriented and extends through a correspondingly 
threaded hole 34 in an end base member 3 6 of a linear slide 
base 38. The lead screw 32 is adapted to be rotated either 
manually or by an electric motor (not shown) so as 
trans 1 at ionally and horizontally to displace the linear slide 
body 26 relative to the end base member 36. The linear slide 
base 38 further comprises a pair of parallel slide members 
40,42 which extend orthogonally away from the end base member 
3 6 and slidably engage the respective opposed longitudinal 
sides 44,46 of the linear slide body 26. The linear slide 
base 38 is secured to the upper surface 48 of a base plate 50. 
In use, the linear slide body 26 slides along the upper 
surface 48 of the base plate 50 by selective rotation of the 
lead screw 32 . 
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A vertically oriented bracket 52 is mounted on the base plate 
50. The bracket 52 comprises a pair of parallel spaced 
bracket .members 54,56. An L-shaped arm 58 is rotatably 
mounted between the bracket members 54,56 by a pivot bearing 
60. The L-shaped arm 58 comprises a generally horizontally 
oriented support member 62 extending above the platen 4 and a 
generally vertically oriented urging member 64 which extends 
upwardly from the pivot bearing 60. The pivot bearing 60 
extends horizontally between the upper ends 66,68 of the. 
bracket members 54,56 and through the L-shaped arm 58 at the' 
junction between the support member 62 and the urging member 
64. 

The support member 62 is provided at the free end 68 thereof 
with an elongate slot 70 for receiving a substantially 
upright -oriented holder 72 for holding a scratching tool, or 
indenter, 74, The scratching tool 74 has a pointed tip 76 
which, in use, engages the upper surface 10 of the sample 8 to 
be tested. The holder 72 is pivotally mounted on the free end 
68 of the support member 62 by a pivot bearing 78. 
Accordingly, in use, the angle of incidence between the 
pointed tip 76 of the tool 74 and the sample surface 10 can be 
varied by rotating the holder 72 about the pivot bearing 78. 
The free upper end 80 of the holder 72 is provided with a 
downward directed slot 82, which may be a slotted hole or 
notched fork, in which is removably located one end 84 of a 
pin member 86. The pin member 86 is substantially 

horizontally oriented and the other end 88 thereof is affixed 
to a support wall 90 which is fixed to and extends upwardly 
away from the linear slide body 26. The first and second 
force transducers 92,94 are respectively attached to the 
opposed upright edges 96,98 of the support wall 90. The first 
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force transducer 92 is connected by a rod 100 to the end 12 of 
the platen. 4 which faces toward the lead screw 32, The second 
force transducer 94 is connected to the urging member 64 by 
means of a biasing device comprising a helical tension spring 
102, a screw threaded adjuster rod 104 threadably mounted on 
the urging member 64, and a second adjuster rod 105 which is 
threadably mounted on an extension 107 of the second force 
transducer 94. 

The operation of the testing apparatus 2 will now be 
described. 

In use, the sample 8 to be tested is fixedly mounted on the 
platen 4 and a scratching tool 74 is mounted in the holder 72 
with the pointed tip 76 being engaged with the upper surface 
10 of the sample 8. The lead screw 32 is then rotated, 
causing linear translational movement of the linear slide body 
2 6 over the base plate 50. In this way, the sample surface 10 
is translationally linearly moved relative to the pointed tip 
76 of the tool 74, the translational position of the tip 76 
being fixed (subject to rotation of the tip 76 as described 
below) relative to the base plate 48 by way of the support 
member 62 of the arm 58 and the bracket 52. 

The pin member 86 which is mounted to the linear slide body 26 
by the support wall 90 is accordingly translationally 
horizontally moved by rotation of the lead screw 32. This 
causes progressive rotation of the holder 72 and 
correspondingly the pointed tip 76 of the tool 74 about the 
pivot bearing 78. In this way, the angle of incidence between 
the scratching tool 74 and the sample surface 10. is 
progressively varied together with translational movement of 
the scratching tool 74 along the sample surface 10 . 
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The first force transducer 92 senses any tangential force in a 
direction along the sample surface 10 which is applied to the 
sample 8 by the scratching tool 74 . ■ This is achieved by 
detecting the elastic movement of the platen 4 in a direction 
parallel to the tangential direction of movement of the 
scratching tool 74 over the sample surface 10. The variation 
of that tangential force together with the angle of incidence 
of the scratching tool 74 and/or with the translational 
distance of relative movement between the sample 8 and the 
scratching tool 74 can be correlated. 

In addition, when the linear slide body 26 is traversed, the 
force applied through the helical tension spring 102 by way of 
the urging member 64 and the support member 62 to the holder 
72 varies with translational movement of the scratching tool 
74 along the sample 8. In the illustrated embodiment of 
Figure 1, as the sample 8 is traversed in the direction from 
right to left in * the drawing, the force applied through the 
helical spring 102 is progressively increased as a result of 
progressive tensioning of the helical spring 102. The arm 58 
is caused to rotate in an anti-clockwise direction by the 
spring 102. This causes an increased load to be applied to 
the arm 58 which in turn applies an increasing downwardly 
directed load on the holder 72 and hence on the scratching 
tool 74. The scratching tool 74 also rotates in an anti- 
clockwise direction as the sample 8 is traversed in the 
direction from right to left in the drawing, thereby gradually 
increasing the angle of incidence between the scratching tool 
74 and the sample surface 10. The second force transducer 94 
senses the force applied through the helical spring 102. The 
output of the second force transducer 94 can be correlated 
with the translational movement of the sample 8 and/or the 
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tangential force detected by the first force transducer 92 
and/or the angle of incidence of the scratching tool 74 . 
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CLAIMS ; 

1. A testing apparatus for evaluating the scratch resistance 
of a sample, the apparatus comprising a support for the sample 
to be tested, a holder for a scratching tool, a drive device 
for causing relative translational movement between the 
support and the holder and an inclination varying device for 
progressively varying an angle of incidence between" the 
scratching tool and a sample surface during relative 
translational movement between the scratching tool and- the 
sample surface. 

2. Apparatus according to claim 1, wherein the inclination 
varying device comprises an arm extending above the support, a 
pivot bearing which is located on the arm and about which the 
holder is pivotally mounted and a rotatable connection between 
the holder and the support. 

3 . Apparatus according to claim 2 wherein the rotatable 
connection comprises a pin member mounted to a wall and a slot 
provided in the holder, the pin member being rotatably 
received in the slot. 

4. Apparatus according to claim 3 wherein the wall and the 
support are mounted on a slide member. 

5. Apparatus according to claim 4 wherein the support is 
mounted on the slide member by at least one flexure member 
which permits elastic movement of the support in a direction 
tangential to the direction of movement of the scratching tool 
over the sample surface. 
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6. Apparatus according to claim 5 wherein the or each 
flexure member is substantially C-shaped in cross section and 
includes upper and lower horizontal wall members connected by 
a vertical wall member, the upper wall member being affixed to 
a lower surface of the support . 

7. Apparatus according to any one of claims 3 to 6 further 
comprising a first force transducer mounted between the wall 
and the support for measuring a load established therebetween. 

8 . Apparatus according to any one of claims 2 to 7 wherein 
the arm is L~ shaped and comprises a generally horizontal 
support member having the pivot bearing at a free end thereof, 
a generally vertical urging member, and a junction between the 
support and urging members, and further comprising a bracket 
to which the junction is pivotally mounted. 

9. An apparatus according to claim 8 further comprising a 
biasing device connected to the urging member whereby in use 
tension of the biasing device causes rotation of the L-shaped 
arm and a downwardly directed load to be applied to the 
scratching tool in the holder. 

10. Apparatus according to claim 9 wherein the biasing device 
is. further connected to the wall, whereby translational 
movement of the support causes progressive variation of the 
downwardly directed load. 

11. Apparatus according to claim 10 further comprising a 
second force transducer between the biasing device and the 
wall for determining a downward load applied to the sample 
surface by the scratching tool. 



WO 02/16907 



11 



PCT/GB01/03823 



12. A method for evaluating the scratch resistance of a 
sample, the method comprising supporting a sample to be tested 
on a support, disposing a scratching tool having a pointed end 
in a holder whereby the pointed end engages a surface of the 
sample to be tested, causing relative translational movement 
between the support and the holder whereby the pointed erid is 
translated relative to the sample surface, and progressively 
varying an angle of incidence between the scratching tool and 
the sample surface during relative translational movement 
between the scratching tool and the sample surface. 

13 . A method according to claim 12 wherein the angle of 
incidence is varied by pivoting the holder about a pivot 
bearing located on an arm extending above the support and by 
rotating a connection between the holder and the support. 

14. A method according to claim 13 wherein the support is 
mounted on* a slide member by at least one flexure member which 
permits elastic movement of the support in a direction 
tangential to the direction of movement of the scratching tool 
over the sample surface. 

15. A method according to any one of claims 12 to 14 further 
comprising measuring a tangential load applied to the sample 
surface by the scratching tool. 

16. A method according to any one of claims 12 to 15 further 
comprising applying a downwardly directed load to the 
scratching tool in the holder. 

17. A method according to claim 16 wherein the translational 
movement of the support causes progressive variation of the 
downwardly directed load. 
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18. A method according to claim 16 or claim 17 further 
comprising determining the downward load applied to the sample 
surface by the scratching tool . 

19. A testing apparatus for evaluating the scratch resistance 
of a sample substantially as hereinbefore described with 
reference to Figure 1. 

20. A method for evaluating the scratch resistance of a 
sample substantially as hereinbefore described with reference 
to Figure 1. 
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